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Sequence analysis of the 16S rRNA gene represents a highly accurate and versatile method for bacterial
classification and identification, even when the species in question is notoriously difficult to identify by
phenotypic means. However, its use for identification based on public sequence databases is not without
limitation due to the presence of ambiguous data in the databases. In this study, we evaluated the utility of 16S
ribosomal DNA sequencing as a means of identifying clinically important gram-positive anaerobic cocci
(GPAC) by sequencing 13 type strains of established GPAC species and 156 clinical isolates that had been
studied only by phenotypic tests. Among the 13 type strains of GPAC species we tested, only 4 gave a “perfect”
match with their corresponding sequences in GenBank, whereas the other 9 had lower sequence similarities
(<98%). This indicates that data in the public database may be inaccurate at times. Based on the sequences
of the 13 type strains obtained in this study, 84% (131 of 156) of the clinical isolates were accurately identified
to species level, with the remaining 25 clinical strains revealing nine unique sequences that may represent eight
novel species. This finding is in contrast to the phenotypic identification results, by which only 56% of isolates
were correctly identified to species level.

Gram-positive anaerobic cocci (GPAC) are part of the com-
mensal flora in human and animals and are also commonly
associated with a variety of human infections (10, 15); data
from four surveys of anaerobic infections (2, 14, 19, 37) are
consistent in indicating that they account for about 25 to 30%
of all anaerobic isolates. Extensive taxonomic changes have
occurred recently among this group of bacteria (6, 20), espe-
cially in clinically important genera such as Finegoldia, Mi-
cromonas, Peptostreptococcus, and Peptoniphilus. Although
these bacteria have been cultured from a wide variety of in-
fections of the mouth, skin and soft tissues, bone and joints,
and upper respiratory and female genital tracts (10, 11, 15), the
clinical importance of individual GPAC strains is poorly un-
derstood due to the lack of a sound classification and identi-
fication scheme.

Early identification schemes of GPAC depended on the mi-
croscopic appearance, colonial morphology, and carbohydrate
fermentation reactions (28). However, these tests proved to be
of limited value for this group of bacteria that are often pleo-
morphic and usually asaccharolytic. Gas-liquid chromatogra-
phy was introduced for the detection of volatile fatty acid end
products of metabolism, but most GPAC produce a very lim-
ited range of volatile fatty acids. In the 1980s, Ezaki et al. (7)
found that proteolytic enzyme profiles could distinguish clearly
and reproducibly among recognized species of GPAC; this
contributed to the development of several commercial pre-
formed enzyme kits, such as RapID ANA (Innovative Diag-
nostic Systems, Atlanta, Ga.) and Rapid ID 32A (API-bio-

Merieux, Basingstoke, United Kingdom). These commercial
kits represent a considerable advance in identification methods
in terms of speed, simplicity, and discrimination (16, 23). How-
ever, these kits are designed to identify as wide a range of
anaerobes as possible, and they contain many tests of little
relevance for the identification of GPAC. Furthermore, data-
bases accompanying the kits are often incomplete or inaccu-
rate, especially with a rapid increase of newly described spe-
cies. The challenge now is to develop a more reliable
classification and identification scheme, so that most clinical
strains can be allocated to clearly defined, phylogenetically
valid species.

Genotypic identification is emerging as an alternative or
complement to established phenotypic methods. The 16S
rRNA gene is the most widely accepted gene used for bacterial
classification and identification (35). Signature nucleotides of
16S rRNA genes allow classification even if a particular se-
quence has no match in the database, since otherwise unrec-
ognizable isolates can be assigned to phylogenetic branches at
the class, family, genus, or subgenus levels. This has contrib-
uted greatly to the discovery of new species of GPAC (8, 17,
21), and its variable regions have been used to design probes
for detecting clinically significant GPAC (38, 39). Although the
direct sequencing of amplified DNA from the 16S rRNA gene
should allow unambiguous, definitive identification and pro-
vides information on the taxonomic relatedness of new species,
its use for species identification based on public 16S rRNA
databases is not without limitations (4, 25, 34). There are
multiple problems with public database sequences, such as
base errors, ambiguous base designations, and incomplete se-
quences, that may not be evident to users and will often lead to
misidentification. Objective, clean 16S rRNA sequence data
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for GPAC are important to determine the relationship of clin-
ically relevant GPAC species.

In the present study, we determined the nearly complete 16S
rRNA gene sequence data (�1,400 bp) for 13 type strains of
established GPAC species. The sequence data obtained were
compared to those in public sequence repositories such as
GenBank. Based on the sequence data of the reference strains
obtained in the present study, we evaluated 16S rRNA se-
quencing identification of GPAC by reidentifying a collection
of 156 clinical isolates of GPAC that had previously been
identified by phenotypic tests and represented the most com-
monly isolated clinical GPAC species.

MATERIALS AND METHODS

Bacterial strains and criteria for identification comparison. The bacterial
strains used in the present study included 13 CCUG (Culture Collection, Uni-
versity of Göteborg) type strains of GPAC species and 156 isolates that were
previously recovered from clinical specimens and identified by using standard
phenotypic tests (Table 1). The isolates were chosen to represent six commonly
isolated GPAC species based on phenotypic testing in our laboratory over a
5-year period. The strains were cultured overnight on brucella blood agar
(Anaerobe Systems) at 37°C under an N2 (86%), H2 (7%), and CO2 (7%) gas
phase and were characterized biochemically by using a combination of conven-
tional tests as described in the Wadsworth anaerobe manual (15) and the BD
BBL Crystal Identification System (Becton Dickinson Microbiology Systems,
Cockeysville, Md.).

Identifications were counted as correct if both methods provided the same
answer. A discordant result was defined as a 16S rRNA sequence match with a
species other than the species assigned by conventional identification.

16S rRNA gene sequencing. Genomic DNA was extracted and purified from
cells in the mid-logarithmic-growth phase by using a QIAamp DNA Mini Kit
(Qiagen, Inc., Chatsworth, Calif.). The 16S rRNA gene fragments were amplified
as previously described (3). Briefly, two subregions of 16S rRNA gene were
amplified by using two pairs of primers. The two subregions were defined as
follows: region A was defined as 899-bp sequences between primer 8UA and
907B, and region B was defined as 711-bp sequences between primer 774A and
1485B. PCR was performed for 35 cycles of 30 s at 95°C, 30 s at 45°C, and 1 min
at 72°C, with a final extension at 72°C for 5 min. PCR products were excised from
a 1% agarose gel after electrophoresis and purified by using a QIAquick gel
extraction kit (Qiagen) and were sequenced directly with a Biotech Diagnostics
Big-Dye sequencing kit on an ABI 377 sequencer (Applied Biosystems, Foster
City, Calif.).

Sequence data analysis. The sequencing data was analyzed as follows: (i)
assembly of the reverse and forward sequences into a consensus sequence, (ii)
editing of the consensus sequence to resolve discrepancies between the two
strands by evaluation of the electropherograms, and (iii) comparison of the
consensus sequences with GenBank sequences by using Ribosomal Database
Project (RDP-II; Michigan State University, East Lansing) (18) and the basic
local alignment search tool (BLAST) (1). Analysis of GPAC clinical isolates was
performed by comparing the sequences against the sequences of type strains
determined in the present study, as well as related sequences retrieved from
GenBank. For an accurate determination of species similarities, all 5� and 3�
ends were cut to identical positions along the gene, at Escherichia coli bp 49 to
1470. The newly determined sequences were aligned with their related sequences
by using the program CLUSTAL W (13). The resulting multiple sequence align-
ment was corrected manually using the program GeneDoc (24). A phylogenetic
tree was constructed by using the neighbor-joining algorithm PAUP 3.1.1 (D. L.
Swofford, PAUP: phylogenetic analysis using parsimony [1993]).

RESULTS

16S rRNA genes of type strains of GPAC species. To dem-
onstrate the quality and accuracy of results provided from a
public database, we compared all type strain sequences deter-
mined in our laboratory to their corresponding GenBank se-
quences. Among 13 type strains we analyzed, only 4 strains had
a “perfect” match (similarity, �99.5%) with sequences of their
corresponding strains from GenBank as determined by using
both BLAST and RDP-II (Sequence Match, version 2.7). The
other nine strains showed low sequence similarities (�98%)
versus GenBank sequences because of abundant ambiguities,
sequence gaps, and sequence errors (Table 2). For example,
for the sequences of the type strains of Anaerococcus prevotii,
Micromonas micros, and Peptoniphilus asaccharolyticus the best
matches given by a BLAST search against GenBank were un-
characterized Peptostreptococcus sp. clone KL-59-7-12 (97.8%),
Peptostreptococcus sp. oral clone FG 014 (99.6%), and Pep-
tostreptococcus sp. strain S1 (97.9%), respectively, because the
sequences of these type strains in the GenBank database were
not of good quality. In the case of Peptoniphilus indolicus, the
best sequence match given by both BLAST and RDP-II was a
Peptostreptococcus sp. strain S1 instead of the GenBank se-
quence of Peptoniphilus indolicus type strain (GenBank acces-
sion no. D14147) and, indeed, the GenBank sequence of Pep-
toniphilus indolicus (D14147) was not even shown on the
BLAST match list due to the low similarity between this two
sequences. For the type strains of A. lactolyticus, A. tetradius, A.
vaginalis, Finegoldia magna, and Peptoniphilus lacrimalis, al-
though the best matches given by both BLAST and RDP-II
were the sequences of their corresponding strains in GenBank,
the sequence similarities between the sequences in the present
study and those corresponding sequences in GenBank were
very low (sequence similarities of �98% as determined by
BLAST; similarity scores of �0.916 as determined by RDP-II).

Different search results between BLAST and RDP-II were
also observed. For example, the highest matches for A. prevotii
and M. micros sequences were uncultured Peptostreptococcus
sp. clone KL-59-7-12 and Peptostreptococcus sp. oral clone,
respectively, as determined by BLAST, but using RDP-II gave
the best match against their corresponding species (A. prevotii
and M. micros, respectively) with low similarity scores of 0.831
and 0.899, respectively (Table 2). For an accurate determina-
tion of species similarities, all 5� and 3� ends of the sequences
were cut to identical positions along the gene, at E. coli bp 49
to 1450, and the sequences determined in the present study

TABLE 1. List of type strains and clinical isolates of GPAC species
used in this studya

Species Strain No. of
strains

Anaerococcus lactolyticus CCUG 31351T 1
Anaerococcus octavius CCUG 38493T 1
Anaerococcus prevotii CCUG 41932T 1
Anaerococcus tetradius CCUG 46590T 1
Anaerococcus vaginalis CCUG 31349T 1
Finegoldia magna CCUG 17636T 1
Micromonas micros CCUG 46357T 1
Peptoniphilus assaccharolyticus CCUG 9988T 1
Peptoniphilus harei CCUG 38491T 1
Peptoniphilus indolicus CCUG 17639T 1
Peptoniphilus ivorii CCUG 38492T 1
Peptoniphilus lacrimalis CCUG 31350T 1
Peptostreptococcus anaerobius CCUG 7835T 1
Anaerococcus prevotii Clinical isolates 20
Anaerococcus tetradius Clinical isolates 10
Finegoldia magna Clinical isolates 36
Micromonas micros Clinical isolates 33
Peptoniphilus assaccharolyticus Clinical isolates 30
Peptostreptococcus anaerobius Clinical isolates 27

a Identification of clinical isolates was done by phenotypic tests.
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and their corresponding sequences in GenBank were aligned
and manually analyzed. The results are shown in Table 2.

Comparison between a conventional method and 16S rRNA
sequencing for identification of GPAC clinical isolates. A total
of 156 isolates, representing six clinically common GPAC spe-
cies, were subjected to 16S rRNA sequence analysis. The
breakdown of 156 clinical strains was as follows: 131 strains
had a sequence with high similarity (�99%) to the type strains
of an established species, 12 strains had a sequence similar to
that of a Peptostreptococcus sp. oral clone in GenBank, and 13
strains had eight unique sequences that were distinct from any
sequence of established species and from uncharacterized
strains in the GenBank database. A comparison between se-
quence-based identification and phenotypic identification
showed that 88 strains (56%) had concordant results between
the original identification and the 16S ribosomal DNA se-
quencing identification, and the other 68 (44%) isolates had a
molecular identification that was discordant with the original
identification (Table 3). Two clinically significant species, F.
magna (n � 36) and M. micros (n � 33), were consistently
identified correctly by both phenotypic and genotypic methods.
Totals of 56% (15 of 27) of Peptostreptococcus anaerobius, 5%
(1 of 20) of A. prevotii, and 30% (3 of 10) of A. tetradius were

also identified correctly by both methods. Among the 88 dis-
crepant isolates, 19 strains of Peptoniphilus asaccharolyticus
and 19 strains of A. prevotii that were originally identified by
phenotypic testing were reidentified as Peptoniphilus hareii by
sequencing. Six isolates of A. vaginalis were misidentified as A.
tetradius based on phenotypic tests, twelve isolates that were
first identified as Peptostreptococcus anaerobius were deter-
mined to be 99% similar to an uncharacterized oral clone CK
035 and only 98.0% similar to Peptostreptococcus anaerobius.
16S rRNA sequence analysis indicated that 25 of 88 strains that
were misidentified to species level by phenotypic tests may be
novel species or subspecies since they had low sequence simi-
larities against both the GenBank database and the sequences
determined in the present study (Table 3). These 25 strains had
nine unique sequences; these were assigned a phylogenetic
position by building a phylogenetic tree with their related se-
quences (Fig. 1).

DISCUSSION

Accurate identification of bacterial isolates is an essential
task of the clinical microbiology laboratory. It helps in evalu-
ating the clinical significance of a positive culture and is im-

TABLE 2. Comparison of 16S rRNA sequences of GPAC species obtained in this study with the sequences in GenBank

Species Strain Accession
no.

Identity as determined by:
Comparison with sequence of

corresponding strain in GenBank
by CLUSTAL W alignmenta

BLAST (%) RDP-II (score) Accession
no. Comments

Anaerococcus lactolyticus CCUG 31351T AF542233 Anaerococcus
lactolyticus (98.0)

Anaerococcus
lactolyticus (0.916)

D14154 14-Base divergence;
15-ambiguities

Anaerococcus prevotii CCUG 41932T AF542232 Peptostreptococcus sp.
clone KL-59-7-12
(97.8)b

Anaerococcus prevotii
(0.871)

D14139 37-Base divergence;
9-ambiguities

Anaerococcus tetradius CCUG 46590T AF542234 Anaerococcus
tetradius (97.4)

Anaerococcus
tetradius (0.820)

D14142 67-Base divergence;
8-ambiguities

Anaerococcus vaginalis CCUG 31349T AF542229 Anaerococcus
vaginalis (97.9)

Anaerococcus
vaginalis (0.905)

D14146 17-Base divergence;
10-ambiguities

Finegoldia magna CCUG 17636T AF542227 Finegoldia magna
(98.0)

Finegoldia magna
(0.850)

D14149 23-Base divergence;
18-ambiguities;
12-base gap

Micromonas micros CCUG 46357T AF542231 Peptostreptococcus sp.
oral clone FG014
(99.6)c

Micromonas micros
(0.889)

D14143 14-Base divergence;
9-ambiguities

Peptoniphilus asaccharolyticus CCUG 9988T AF542228 Peptostreptococcus sp.
strain S1 (97.9)d

Peptostreptococcus sp.
strain S1 (0.916)

D14138 14-Base divergence;
15-ambiguities

Peptoniphilus indolicus CCUG 17639T AY153431 Peptostreptococcus sp.
strain S1 (99.2)e

Peptostreptococcus sp.
strain S1 (0.960)e

D14147 141-Base divergence;
4-ambiguities

Peptoniphilus lacrimalis CCUG 31350T AF542230 Peptoniphilus
lacrimalis (97.9)

Peptoniphilus
lacrimalis (0.816)

D14141 46-Base divergence;
4-ambiguities

Anaerococcus octavius CCUG 38493T Anaerococcus
octavius (100)

Anaerococcus
octavius (1.000)

Y07841

Peptoniphilus harei CCUG 38491T Peptoniphilus harei
(100)

Peptoniphilus harei
(1.000)

Y07839

Peptoniphilus ivorii CCUG 38492T Peptoniphilus ivorii
(100)

Peptoniphilus ivorii
(1.000)

Y07840

Peptostreptococcus anaerobius CCUG 7835T Peptostreptococus
anaerobius (99.5)

Peptostreptococcus
anaerobius (0.992)

L04168 8-Ambiguities

a All of the sequences were cut to identical positions along the 16S rRNA gene, corresponding to E. coli basepair positions 49 to 1450.
b The BLAST search showed only a 96.4% sequence similarity with A. prevotii (D14139) in GenBank.
c The BLAST search showed only a 98% sequence similarity with M. micros (D14143) in GenBank.
d The BLAST search showed only a 96.5% sequence similarity with Peptoniphilus asaccharolyticus (D14138) in GenBank.
e GenBank sequence (D14147) of Peptostreptococcus indolicus was not shown on the BLAST match list due to the low sequence similarity. Pairwise analysis indicated

that it shared 98.0% similarity with the sequence of the Peptoniphilus asaccharolyticus type strain determined in this study.
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portant for predicting effective antibiotic therapy. Sequence-
based analysis of the 16S rRNA gene represents a highly
accurate and versatile method for bacterial classification and
identification. The features of this molecular target, the uni-
versal distribution among bacteria (35), and the presence of
species-specific variable regions make it a useful tool not only
for bacterial phylogenetic analysis (36) but also for the detec-
tion and identification of clinical isolates (4, 5, 25–27, 30, 32–
34). However, its use for identification is not without limita-
tion. First, reliable 16S rRNA sequencing identification
requires accurate sequence databases but, as indicated in Ta-
ble 2, a great portion of the search results for GPAC type
strains obtained from comparisons with GenBank submissions
(the basis for both NCBI and RDP-II) were inaccurate (Table
2), with abundant ambiguities, sequence gaps, and errors.
Among the 13 type strains we sequenced, 9 strains had low
sequence similarities with their corresponding GenBank se-
quences, as determined by both BLAST and RDP-II. This is
not surprising since the sequences of the majority of estab-
lished GPAC species were submitted in the early 1990s (6, 8),
when the methods used may not have been able to provide the
quality sequences easily obtained today. These nine strains
include some clinically significant GPAC species, such as A.
prevotii, A. tetradius, F. magna, M. micros, and Peptoniphilus
asaccharolyticus.

The type strain sequences in GenBank may provide mislead-

ing identification results for clinical isolates (as shown in Table
3). For example, 33 clinical isolates of M. micros that were
identified by 16S rRNA sequencing based on comparison to
the sequence of the M. micros type strain obtained in the
present study (sequence similarity of �99%) were given the
highest match with the oral clone FG 014 (sequence similarity
of �99%) as determined by BLAST search against GenBank,
despite the fact that their type strain sequences were present in
the database. Similarly, 6 strains of A. vaginalis, 36 strains of F.
magna, and 3 strains of A. tetradius that were identified to the
species level by showing high sequence similarities (�99%)
with their corresponding type strain sequences determined in
the present study were only given low sequence similarities
(�97%) to corresponding GenBank sequences determined by
both BLAST and RDP-II. Although there is no an accepted
cutoff value of 16S rRNA sequence similarity for species def-
inition (12, 31), it is apparent from the results of studies of
numerous diverse taxa that the majority of recognized species
that have been examined to date differ in their 16S rRNA
sequence from related species of the same genus in at least 1%
of the sequence positions—and typically more. Our 16S rRNA
sequence data showed that the recognized GPAC species
within a given genus have up to 8.0% or greater average di-
vergence. The average species-species pair showed 12.9 and
8.0% sequence divergence within the genera Peptoniphilus and
Anaerococcus, respectively, whereas the most similar pair (Pep-

TABLE 3. Comparison of 16S rRNA sequencing identification with phenotypic identification

Phenotypic identification (n)

16S rRNA sequencing identificationa (% identity) in comparison with:
No. matched

(%)bType strain sequence
(% identity) n GenBank type strain sequence

(% identity) n

Anaerococcus prevotii (20) Anaerococcus prevotii (99.5) 1 Uncultured clone KL-59-7-12 (99.3) 1 1 (5)
Peptoniphilus harei (�99.0) 18 Peptoniphilus harei (� 99.0) 18
Peptoniphilus asaccharolyticus

(91.7)
1 Peptostreptococcus sp. (93.8) 1

Anaerococcus tetradius (10) Anaerococcus tetradius (99.9) 3 Anaerococcus tetradius (97.4) 3 3 (30)
Anaerococcus vaginalis (99.9) 6 Anaerococcus vaginalis (97.2) 6
Finegoldia magna (88.7) 1 Finegoldia magna (86.9) 1

Finegoldia magna (36) Finegoldia magna (100) 36 Finegoldia magna (98.0) 36 36 (100)

Micromonas micros (33) Micromonas micros (99.8) 33 Peptostreptococcus sp. oral clone FG
014 (99.9)

33 33 (100)

Peptostreptococcus anaerobius
(27)

Peptostreptococcus anaerobius
(99.8)

15 Peptostreptococcus anaerobius (99.8) 15 15 (55.6)

Peptostreptococcus anaerobius
(98.0)

12 Peptostreptococcus sp. oral clone CK
035 (99.9)

12

Peptoniphilus asaccharolyticus
(30)

Peptoniphilus harei (�99.0) 19 Peptoniphilus harei (�99.0) 19 0 (0)

Peptoniphilus harei (97.2) 2 Peptoniphilus harei (97.2) 2
Peptoniphilus harei (95.6) 3 Peptoniphilus harei (95.6) 3
Peptoniphilus harei (93.2) 2 Peptoniphilus harei (93.2) 2
Peptoniphilus ivorii (84.8) 1 Peptoniphilus genospecies 4 (89.2) 1
Micromonas micros (83.9) 1 Micromonas micros (88.4) 1
Anaerococcus octavius (95.5) 2 Anaerococcus octavius (95.5) 2

Total 88 (56.4)

a Possible novel species are in boldface.
b That is, the number of matches between the phenotypic identification and the 16S rRNA sequencing identification based on type strain sequences determined in

this study.
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toniphilus asaccharolyticus and Peptoniphilus indolicus) of the
genus Peptoniphilus exhibited 98.2% sequence similarity. This
indicates clearly that the recognized species of GPAC are
typically separated by good evolutionary distances. Although
the species of the genera Peptoniphilus and Anaerococcus, as
currently constituted, may have to be reallocated to more than
these two genera, in the present study we used 99% similarity
(BLAST similarity of �99% and RDP similarity score of
�0.99) as a suitable cutoff for identification at the species level.
If an isolate showed a genetic difference of �1.00 and �2.00%,
we reported it as closely related to its best match; thus, the 12
isolates that had a 98.0% sequence similarity with Peptostrep-
tococcus anaerobius might be the same species or a subspecies

of Peptostreptococcus anaerobius. In cases in which the genetic
difference is �2%, the isolate was reported as a unique isolate
that may represent a novel taxon (Table 3). The reason we
used only type strains was to eliminate any possible errors of
species identification due to initial strain misidentification. We
have been aware of the presence of sequences in GenBank that
belong to strains of the same species sharing very low similarity
(�85%) with each other and with their corresponding type
strains. For example, the GenBank sequences of two Pepto-
niphilus asaccharolyticus strains, GIFU 7717 and GIFU 7946,
had only 86.4 and 84.3% sequence similarities with the se-
quence of their type strain, respectively.

The purpose of performing sequence similarity searches

FIG. 1. Phylogenetic tree indicates the phylogenetic relationship of the nine novel species with their related established species, including one
representative strain for each species. Sequences were determined in our laboratory unless indicated by a GenBank accession number. The tree
was rooted by using E. coli as the outgroup sequence. Boldface type indicates possible novel species. The parenthetic percentage values indicate
the 16S rRNA sequence similarities with corresponding species. Some of the genera in the phylogenetic tree are abbreviated as follows: P.,
Peptostreptococcus; F., Finegoldia; M., Micromonas; Pn., Peptoniphilus; C., Clostridium.
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with the 16S rRNA sequence of type strains of GPAC was to
evaluate the accuracy of results obtained by programs such as
BLAST and RDP-II. We found that even when the same
sequence was compared against the same database (GenBank)
by using different programs (BLAST and RDP-II), different
similarity results were obtained (Table 2), resulting in the as-
signment of different identities. This is because the similarity
scores obtained depend on the length of the sequences under
analysis and on the number of gaps introduced in the query
sequence to optimize the similarity. Also, BLAST searches
against all available sequences, whereas RDP-II acquires only
select GenBank sequences and incorporates them into their
own database against which searches are made. In the present
study, for accurate identification, we felt that all of the se-
quences included in the similarity search should be cut to the
same length and, in addition to similarity search through in-
ternet available programs such as BLAST and RDP-II, the
sequences should also be analyzed by multiple sequence align-
ment followed by manual correction.

The 16S rRNA sequencing method for identification of clin-
ical isolates of GPAC based on accurate type strain sequences
determined in the present study was evaluated by blindly re-
identifying a collection of 156 GPAC isolates previously iden-
tified by phenotypic testing. The 16S rRNA sequencing iden-
tification proved to be more accurate than the phenotypic
identification. We found this approach to be efficient in the
majority of cases, with 92% (143 of 156) of isolates being
identified to the species level, in contrast to 56.4% being iden-
tified by phenotypic identification, which is biased by errors
and the variability of character expression. By 16S rRNA se-
quence analysis, even the 13 isolates that could not be identi-
fied to the species level could be assigned to a phylogenetic
position (Fig. 1). Comparison between the 16S rRNA sequenc-
ing identification and phenotypic identification showed that
two clinically significant species, F. magna (n � 36) and M.
micros (n � 33), were consistently identified correctly by both
methods. However, all Peptoniphilus harei isolates were mis-
identified as Peptoniphilus asaccharolyticus or A. prevotii by
biochemical tests. Peptoniphilus harei was recently distin-
guished from Peptoniphilus asaccharolyticus by Murdoch and
Mitchelmore (22); it resembles Peptoniphilus asaccharolyticus
biochemically. Phenotypically, it is differentiated from Pepto-
niphilus asaccharolyticus by cell and colony morphology, which
may be very subjective. Our results showed that sequence-
based identification was better able to distinguish heteroge-
neous A. prevotii isolates (9, 17) than phenotypic identification.
The observations of the present study indicate a greater clinical
importance of Peptoniphilus harei than would be indicated by
phenotypic tests. Although 16S rRNA sequencing provides the
advantage of accuracy for GPAC identification compared to
phenotypic identification, cost is a critical issue in the evalua-
tion of 16S rRNA sequence-based analysis as a diagnostic tool.
The initial cost of equipment can be recovered quickly with
savings in personnel, time, and ultimately in health care costs.
Furthermore, driven in part by the technology underlying the
human and microbial genome projects, sequencing costs will
probably continue their rapid trend downward, bringing this
technology within the reach of many microbiology laboratories.

In summary, 16S rRNA sequencing proved to be an accurate
identification method for GPAC species. It not only allows

proper identification of isolates but also rapid recognition and
classification of previously undescribed organisms. More ef-
forts should be made to complete 16S rRNA databases with
high-quality sequences.
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